This is the 50th article on the links between science and the arts published in the Clinical Chemistry since January 2011. It all started as a series designed to celebrate the International Year of Chemistry, and subsequently evolved into the Science in the Arts series. Here I try to reflect on a pattern that has emerged in the preceding 49 pieces of writing (Fig. 1) .
Let us recall the core definitions first. The Oxford Dictionaries define science as "the intellectual and practical activity encompassing the systematic study of the structure and behaviour of the physical and natural world through observation and experiment" (1 ) . Art, on the other hand, is "the expression or application of human creative skill and imagination, typically in a visual form such as painting or sculpture, producing works to be appreciated primarily for their beauty or emotional power" (2 ) . The third definition is that of an institution; Francis Fukuyama, writing about political institutions in his newest book, defined it as a "persistent pattern of behaviour" (3 ).
Science is primarily based on individual endeavor, greatly enhanced by institutions, and physically centered in certain types of space. The nature of links between science and the arts seems to fall into three categories: representation, symbols and metaphors, and mutual influence on practice.
Firstly, representation. Historically, the simplest form of artistic representation in relation to science has been portraiture: the recording of personalities of eminent individuals. An interesting aspect here is that many portraits take a "scholar in his study" form, present in painting since the Renaissance (4 ). In such portraits, looking at the surrounding space is particularly informative. With time, the nature of the work of life scientists transformed "the study" into "the laboratory." Paintings that were discussed in the Science in the Arts series showed, on the one hand, an early laboratory of Louis Pasteur painted by A.G.A. Edelfelt and, on the other, a contemporary biochemistry laboratory of Frederick Sanger-by Paula McArthur (sadly, Dr. Sanger died in 2013). One of the discussed portraits-that of Madame Curie-was created by a fashionable painter, Alexey Jawlensky, and, intriguingly, seemed to contradict her conventional, rather stern, social image.
As science progressed, the artists recorded its institutional aspects: the increasingly wide contacts within the scientific community, visits to the laboratories, and, of course, teaching. Examples of this ranged from a print showing visitors in the laboratory of Justus Liebig, to the painting representing a clinical teaching session conducted by Jean-Martin Charcot in Paris. We also discussed several prominent artists who were also part of academia, such as William Turner, who was Professor of Perspective at the Royal Academy, and John Ruskin, Slade Professor of Fine Art at Oxford. We talked about early scientists, and artists, who became international in their work and status, such as Peter Paul Rubens or William Harvey. Discussing contributions of individuals to art and science allowed us to weave in stories of geniuses and mavericks: persons who precipitated major changes in science, medicine, and the arts through their creativity, original thinking, or extraordinary drive to change the established practices-often with little recognition or much controversy during their lifetimes. These were people such as Isaac Newton, Leonardo da Vinci, Filippo Brunelleschi, and Florence Nightingale. Other individuals particularly important to medicine were those, from Paracelsus in the 16th century to William Cullen during the Scottish Enlightenment, who recognized early on the importance of science-based medicine.
The second fundamental link between science and the arts is the artistic creation of symbols and metaphors, which, when inserted into a wider culture, mediate many aspects of science. For instance, forms and shapes based on laboratory vessels become symbols of research. One of Arman's Accumulations-essentially a box full of greasy cutlery-pointedly represents atherosclerosis, and Henry Moore's Nuclear Energy sculpture at the University of Chicago, creates an image of nuclear fission (5, 6 ) . Many related images may create a particular aesthetic system. Perhaps the most influential has been the machine aesthetics, an artistic style based on industrial forms, which emerged in the early 20th century. It was exemplified by the work of Fernand Legér, and in its more extreme form by the Futurists. Today, in parallel to progress and application of molecular biology, genetics, medical imaging, and interventional surgical procedures, biological aesthetics is increasingly evident.
The third type of interaction between science and the arts is the mutual influence of one domain on the practice of the other.
The Science in the Arts series has devoted many articles to aspects of art directly influenced by scientific theories, discoveries, and inventions. These have ranged from the use of man-made materials such as bronze by the artists, to the effects of paints packaged in tubes on openair (plein air) painting and, among others, the Impressionists. Photography has been probably the single most important invention that had the widest influence on the visual arts; in the eyes of some it had threatened to en- 
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Clinical Chemistry 61:2 (2015) 451 tirely subsume the art of painting, but eventually it became an art discipline in its own right. Another phenomenon that profoundly changed the concept of art was the industrial mass production of objects (7 ) . Much of the theory of painting also came from science and industry. Optics had a fundamental influence on the arts with construction of lenses and the invention of camera obscura facilitating realistic painting. Other influences range from the application of the color theory of MichelEugène Chevreul by Monet, to the dramatic change of the mode of presentation by the Cubists, who were affected by changes in the worldview brought by the relativity theory and the rejection of the Newtonian order then regarded as "final." Later there was parallelism between the developments of Freudian psychoanalysis and Surrealism.
There also is the opposite influence-that of the arts on the science-based world. First of all, the emergence of industrial design dramatically affected the visuality of industrial products. Here we discussed probably the most influential design school-the Bauhaus-where craftsmen and architects extensively collaborated with avantgarde artists. Arts also deeply influence publishing where print and visuals merge and supplement each other to facilitate the conveying and understanding of information. We discussed extensively the complementarity of text and images seen in the medieval manuscripts, Dürer's embrace of print, the stunning anatomical books of Vesalius, and in modern medical illustration in the work of Frank Netter. We also addressed another fascinating dimension, that of literary writing, which is linked to science by its content or its author. We talked about Anton Chekhov, William Osler, and Primo Levi.
Finally, spaces for both science and other arts are defined by architecture. Interestingly, a hospital building is said to be the first type of building, the design of which is governed by science. In the Science in the Arts series we discussed healing spaces, using as an example the work of a modernist Finnish architect, Alvar Aalto, and the Maggie's Cancer Centres in Britain.
Thus in a wider cultural context the domain of science and the domain of the arts overlap extensively, in spite of divisionist concerns such as those expressed in the famous Two Cultures lecture by C.P. Snow (8 ) . Possibly the most important common denominator between them is the fundamental place of observation in both scientific research and artistic creation. In the arts, an illustrative example of this, which the Science in the Arts series attempted to trace, was the shift from symbolic representation of the human figure to realism, evident in preclassical Greece and again during the Italian Renaissance.
The historical approach adopted in the series confirms the universality and consistency of these interactions. It is because of this universality that their importance needs to be acknowledged, both in science and in the arts, by those who lead academic institutions, and by those who support them. There is a potential in strengthening these links by cross-domain programs, research, and teaching-if only to reflect what has been happening in society for some considerable time.
A full list of articles published in the International Year of Chemistry 2011 series and in the Science in the Arts series (2012-2014) can be viewed by searching for "International Year of Chemistry" and "Science in the Arts" at http://www.clinchem.org/.
